Autologous stem cell transplantation has proven to be beneficial in selected patients with Hodgkin's disease (HD) and non-Hodgkin's lymphoma (NHL). In patients with HD, transplantation appears to increase event-free survival in patients who fail to enter complete remission with initial therapy. When a patient relapses after a complete remission, transplantation is probably the best option and particularly so if the remission lasted less than 1 year. Transplantation as part of primary therapy for very highrisk patients may be beneficial, but is not standard therapy at this time. For patients with diffuse large-cell NHL, transplantation can be considered standard therapy for relapsed patients if they have chemotherapy-sensitive disease. The use of transplantation for high-risk patients in complete remission is promising, but definite recommendations cannot be made at this time. For follicular lymphomas, selected patients seem to benefit and studies are ongoing. Finally, the use of allogeneic stem cell transplantation can be useful in a select group of younger patients.
INTRODUCTION
Hodgkin's disease (HD) and the non-Hodgkin's lymphomas (NHL) are a heterogeneous group of malignancies. They arise from B cells, T cells, or natural killer cells in various stages of maturity, thus explaining the heterogeneity of the lymphomas. Untreated, the prognosis for these patients is poor. Almost all patients will die of their disease if not treated. With aggressive treatment, a substantial number of these patients can be cured.
For HD, 7,400 new cases are expected this year in the United States and it will account for approximately 1,400 deaths [1] . These represent approximately 1% of newly diagnosed cancers in the U.S. HD is one of the most curable malignancies; overall, the cure rate is approximately 80%. Less than one-quarter of the patients will not enter a complete remission (CR) after initial therapy, and for those patients who do enter a CR, up to one-third will relapse [2] . For these patients that do relapse or fail to achieve an initial remission, a stem cell transplant may be the best treatment option.
The NHL are much more frequent. In 2000, there are expected to be at least 54,900 new cases diagnosed in the United States and 26,100 deaths [1] . The incidence of NHL has been increasing, and the explanation for this increase has not been identified [3] . For adults the potential for cure of NHL, as a group, is probably less than 30%. Some types of NHL such as the follicular lymphomas are only rarely cured. The situation is different for the diffuse large B cell lymphomas. In this group of patients, the cure rate is approximately 50% depending upon prognostic characteristics. For those patients who relapse or fail to enter remission, a bone marrow or peripheral stem cell transplant may offer the patient the best chance for a cure or long-term survival.
has increased dramatically. In 1998, approximately 17,000 allogeneic transplants and more than 30,000 autologous transplants were performed worldwide [6] . The increase in the numbers of transplants performed over the years is demonstrated in Figure 1 [6] . With technical improvements in all areas of transplantation, the age of patients who can be considered for transplantation has been increasing. Autologous transplantation can now be offered to a very select group of patients in their eighties. For allogeneic transplants, younger patients generally do better, but patients in their fifties are now routinely transplanted [7] . Figure 2 illustrates the number of transplants, the illnesses being transplanted, and the types of transplants being performed [6] .
There are significant differences between allogeneic and autologous transplantation. Autologous transplantation is essentially a method of overcoming the marrow toxicity of high-dose therapy by the infusion of stem cells that repopulate the marrow. In allogeneic transplantation, donor cells not only repopulate the marrow, but a graft-versus-tumor effect may have a significant role in this type of transplant. The graftversus-tumor effect is an immunological reaction and T cells specific for tumor-associated antigens are believed to be responsible. The role of this effect in lymphomas is not as well established as it is in leukemia, but there is evidence it exists. In an analysis of the European Bone Marrow Transplant Registry, it was found that there was a decreased rate of recurrence in patients transplanted for lymphoma who developed chronic graft-versus-host-disease (GVHD) compared to patients without GVHD [8] .
There are some basic principles that underlie the success of high-dose therapy. These principles can be applied to both allogeneic and autologous transplants. First, the tumor needs to have a steep dose-response curve. Second, active cytotoxic agents need to have a short half-life and primarily hematopoietic toxicity. Finally, there needs to be excellent supportive care to deal with treatment-related complications [9] .
The preparative regimen employed is either chemotherapy or a combination of TBI and chemotherapy. The regimen utilized will depend upon past therapies and the type of malignancy. TBI is active in certain malignancies, is immunosuppressive, and usually has tolerable nonmyeloid toxicity at total dose of 1,000-1,200 cGy [10] . The most useful chemotherapeutic agents are alkylating agents, etoposide, and cytarabine. These drugs have proven to be the most useful because their dose-limiting toxicity is generally hematological. The infusion of hematopoietic stem cells allows this toxicity to be overcome so that doses can be increased to levels where other organ toxicities become limiting [11] . The best preparative regimen is unknown because prospective trials comparing them are not available.
TECHNIQUES FOR AUTOLOGOUS HEMATOPOIETIC STEM CELL TRANSPLANTATION FOR LYMPHOMA
The traditional method for obtaining hematopoietic stem cells for autologous transplantation was multiple bone marrow aspirates while the patient was under general anesthesia. This method has largely been replaced by collection of hematopoietic stem cells from the peripheral blood. Kessinger et al. and Juttner et al. were the first investigators to report the successful use of peripheral stem cells to reconstitute marrow [12] [13] [14] . Since these initial reports, it was found that an increased number of circulating stem cells could be mobilized into the peripheral circulation using high-dose cyclophosphamide and/or hematopoietic growth factors [15] [16] [17] [18] [19] . In 1996, a report by Schmitz et al. [20] demonstrated that "mobilized" blood hematopoietic stem cells increased the rate of engraftment, decreased the need for red blood cell transfusions, increased the rate of platelet recovery, and decreased the number of days in the O v a ri a n c a n c e r O th e r c a n c e rs N o n -m a li g n a n t d is e a s e Allogeneic (total n = 5,500) Autologous (total n = 10,000) Figure 2 . Indications for blood and marrow transplantation in North America, 1997. Reprinted with permission [6] .
hospital. Approximately 90% of autologous transplants today use peripheral blood-derived stem cells [21] . An area of unknown significance in autologous transplantation is the possibility of graft contamination by tumor cells. While the use of hematopoietic stem cells obviously contaminated by tumor from autologous transplantation seems unwise, there are little data available to demonstrate an advantage for purging (i.e., in vitro attempts to eliminate tumor cells from the graft). Theoretically, there is a risk that grafts contaminated with tumor cells would increase the risk of a relapse, but there is controversy about this subject. For the NHL, evidence is available supporting the possibility that contaminating tumor cells might increase the chance for relapse. Sharp et al. demonstrated a 5-year relapse-free survival rate of 64% for patients receiving a tumor-negative peripheral stem cell transplant versus 17% for those with a contaminated graft (p < 0.01) [22] . Gribbon et al. demonstrated a benefit for patients with follicular lymphoma where 4 of 57 patients with uncontaminated grafts versus 26 of 57 patients with contaminated grafts had relapsed (p < 0.00001) [23] .
There are also data suggesting that purging is not beneficial. In standard chemotherapy with high-dose therapy followed by unpurged stem-cell transplantation or high-dose therapy followed by purged stem-cell transplantation (CUP trial), patients were randomized to chemotherapy, stem cell transplantation with unpurged grafts, or stem cell transplantation with purged grafts [24] . With a median follow-up of 26 months, 66% in the chemotherapy arm relapsed, while 39% in the purged group and 37% in the unpurged groups relapsed.
HD
Patients with HD for whom transplantation might be considered can be divided into three groups. These include patients who fail to enter a CR with initial systemic therapy, patients who relapse after attaining a CR, and patients who are at high risk for relapse and might benefit from transplantation as part of their primary therapy.
For patients who do not attain a CR after induction chemotherapy, the prognosis is very poor with further conventional therapy. Data from Longo et al. demonstrate the prognosis for patients treated with conventional therapy who fail to enter a CR [25] . No patients were alive 8 years after diagnosis [25] . Bonfante et al. found 8% 8-year survival for patients failing a regimen of mechlorethamine, vincristine, procarbazine, prednisone/doxorubicine, vinblastine, bleomycin, and dacarbazine (MOPP/ABVD) [26] .
Knowing that survival is dismal for patients who do not enter a CR with conventional chemotherapy, it was a logical question to ask if high-dose therapy would be of value in these patients. Yuen et al.
[27] compared the results of best salvage therapy with autologous transplantation for matched patients who failed induction therapy. This was a retrospective study from Stanford that compared transplant results to historical controls. In this study, patients with resistant disease or those who had relapsed from a CR were compared to a matched control group which was given conventional chemotherapy with curative intent. There were 103 patients in the control group and 60 patients in the transplant group. At 4 years the event-free survival was 52% for a transplant versus 19% for salvage therapy, (p = 0.01). Overall survival was 44% for transplantation versus 38% for salvage therapy (p = 0.32) [27] . Additional studies have also evaluated this clinical situation and are presented in Table 1 [28-33]. It does appear that patients who have failed to enter remission with conventional therapy do derive benefit from high-dose therapy.
Transplantation is an obvious consideration for patients who relapse from a chemotherapy-induced CR. The study by Yuen et al. can again be used to evaluate the role of transplantation in patients who have relapsed. For patients in the high-dose therapy group who relapsed from a CR, no difference was seen between patients who had a transplant or those who had conventional salvage therapy if their remissions lasted more than 1 year [27] . If the remission lasted less than 1 year, there was a significant difference in favor of the transplanted group. The 4-year event-free survival was 56% for transplanted patients versus 19% for conventional salvage therapy (p ≤ 0.01). Overall survival was 58% for transplants versus 38% for the conventional salvage group (p = 0.15) (Fig. 3) [27]. A randomized trial by Linch et al. [34] obtained similar results. They were not able to demonstrate a significant overall survival advantage, but they did demonstrate a 3-year event-free survival of 53% for the transplant arm versus 10% for the standard therapy arm. Several additional studies of autologous transplantation in first relapse are available and presented in Table 2 [29, 35, 36] . The data suggest that transplantation has a superior outcome if the CR lasted less than 1 year. If the remission lasted longer than 1 year, recommendations In patients who underwent transplantation in first remission, 77% were in unmaintained remission with a median follow-up of 86 months (34-114 months) [37, 38] . In the nonrandomized control group, with a median follow-up of 89 months, 33% were free of disease. Results of other studies looking at this question are presented in Table 3 [32, [39] [40] [41] . Because of the significant cure rate with standard-dose therapy in even high-risk patients, this approach is controversial.
NHL
NHL is currently the second most frequent indication for autologous hematopoietic stem cell transplantation [6] . It is not a useful treatment option for all patients with NHL, but in certain circumstances, autologous stem cell transplantation does provide patients the best opportunity for cure. When evaluating transplantation data, it is important to remember that the patient populations studied are a highly selected group [42] . In addition, it is sometimes difficult to compare studies because of different selection criteria, transplant regimens, and follow-up. Multiple trials have been performed evaluating the role of transplantation NHL, and the following trials chosen for discussion represent the best data available.
There have been numerous factors identified that have significance in predicting how well patients will do with transplantation. The most predictive of these is the sensitivity of the lymphoma to chemotherapy. Philip et al. showed that patients' responses to transplantation could be predicted by their response to preceding standard-dose salvage therapy [43] . Patients with chemotherapy-responsive disease had an actuarial disease-free survival of 36%, those with resistant disease had a survival of 14%, and patients with refractory disease had a survival of 0% [43] . Other studies have supported this finding [44] [45] [46] [47] [48] [49] [50] [51] . Other variables have also been identified which have been found to have prognostic significance. Some of the most important factors associated with a poor outcome include an elevated LDH [47, 50] , extensive previous treatment [47, 52] , bulky disease [53] , poor performance status [54] , and high-grade histology [52, 55] . Diffuse large-cell lymphoma is the most common form of NHL, and autologous stem cell transplantation has been shown to be beneficial in some subsets with this illness. For patients with diffuse large-cell lymphoma who relapse from a CR but remain chemotherapy-responsive, autologous transplantation is the treatment of choice. The most significant study supporting transplantation is the PARMA study by Philip et al. [56] . Patients were randomized to autologous stem cell transplantation versus conventional-dose chemotherapy with dexamethasone, high-dose cytarabine, and cisplatin (DHAP) if the patient responded to two initial cycles of DHAP. The event-free survival at 5 years was 46% for the transplant arm and 12% for the conventional therapy arm (p = 0.001). Overall survival was 53% for transplant and 32% for the conventional therapy group (p = 0.038) (Fig. 4) . In addition to transplant being shown to be beneficial in this group of patients, additional analysis has demonstrated that an initial remission of fewer than 12 months is an adverse prognostic indicator [57] .
In the PARMA study [56] , patients were classified according to the age-adjusted international prognostic index (IPI) and it was able to predict outcome in this study [58] . The age-adjusted IPI is divided into four stages according to risk of recurrence and is based on stage, LDH, and performance status for patients less than 60 years of age. Five-year predicted survival rates are 83%, 69%, 46%, and 32% for low risk to high risk accordingly. In patients with an IPI of 0 (i.e., low stage, normal LDH, and excellent performance status), no significant difference at relapse could be found between transplanted and conventional arms. For patients with an IPI of 1 or greater, there was a significant difference favoring the transplanted arm in progression-free survival, p < 0.0001 [58] .
The optimal approach to incorporating transplantation into the primary therapy of patients with high-risk diffuse aggressive NHL is uncertain because of conflicting results in the randomized trials performed to date [59] . A study by Haioun et al., the LNH-87 trial, had 916 eligible patients entered into the study. After induction therapy, patients were randomized to high-dose methotrexate, ifosfamide, etoposide, asparaginase, and cytarabine or to cyclophosphamide, BCNU, etoposide, and autologous stem cell transplant. Analysis originally demonstrated no difference between conventional chemotherapy and autologous transplantation arms. Final analysis of this study based on patients who were high/high-intermediaterisk patients demonstrated a significant advantage in both disease-free survival and overall survival [60] . The 8-year disease-free survival was 55% for high-dose therapy versus 39% sequential chemotherapy (p = 0.02) [60] . The 8-year overall survival for the high-dose therapy arm was 64% versus 49% for the sequential chemotherapy group (p = 0.04) [60] . These data were supported by Santini et al. who randomized 124 patients to doxorubicin, cyclophosphamide; vincristine, prednisone, and bleomycin (VACOP-B); or VACOP-B plus autologous transplantation [61] . As with the previous study, no initial survival advantage was found, but when the data were analyzed according to the age-adjusted IPI, high and highintermediate risk groups had a disease-free survival of 87% for transplant versus 48% for standard therapy (p = 0.008) [61] .
There are also trials that have found contradictory results. Reyes et al. in the LNH93-3 trial randomized 370 patients to standard chemotherapy or autologous transplantation after an abbreviated standard-dose induction regimen. They found the 3-year event-free survival for the hematopoietic stem cell transplant group was 41% versus 54% for the standard therapy arm (p = 0.01). Overall survival was also in favor of standard therapy with 63% disease-free survival versus 47% in the transplanted group (p = 0.003) [62] . A trial by Verdonck et al. randomized 69 patients who had achieved a partial response to cyclophosphamide, doxorubicin, vincristine, and prednisone (CHOP) to additional CHOP or autologous bone marrow transplantation [63] . The 4-year event-free survival was 53% for the CHOP arm and 41% for the transplantation arm. Disease-free survival at 4 years was 72% for the CHOP group and 60% for transplantation [63] . At the present time, high-risk patients who achieve a CR after a full course of standard-dose chemotherapy and have a high risk for relapse may derive the most benefit from stem cell transplantation [61, 64] .
One final group of patients who may derive benefit from an autologous transplant are those who fail to enter a CR with primary induction therapy. Survival is poor for these patients with one report of a 9-month median survival [65] . A recent report by Vose et al. evaluated 184 patients with diffuse aggressive lymphomas who never achieved a CR with induction therapy and underwent autologous transplantation. These patients were all reported to the Autologous Blood and Marrow Transplant Registry [66] . This is the largest report to date on autologous transplantation in this patient population. For patients who attained a CR, the 3-year probability of survival was 68% compared to 11% for patients with a partial or no response (p < 0.0001). The patients who seem to benefit the most from this form of therapy appear to be those with chemotherapy-sensitive disease, good performance status, age less than 55, have received only one or two chemotherapy regimens and who received involved field radiation therapy [66] .
For patients with follicular lymphomas, definite conclusions about the optimal use of transplantation are difficult to draw from the available data even though numerous studies have been performed [67] [68] [69] [70] [71] [72] [73] [74] . One problem in interpreting the results is the long natural history of follicular lymphomas. Relapses have been noted up to 9 years after a transplant [68] . This pattern of late relapses and a failure of the survival curves to plateau make it uncertain if patients are cured with transplantation. One historically controlled study from London showed that patients undergoing transplant in second remission had a better disease-free survival but not overall survival when compared to further standard chemotherapy [71] . Studies are ongoing evaluating the benefit of autologous transplantation in first remission.
ALLOGENEIC TRANSPLANTATION
Allogeneic hematopoietic stem cell transplantation has been evaluated in HD and NHL. The data are limited, but it appears to be a useful treatment in only a very select group of patients.
There are a number of advantages and disadvantages associated with allogeneic transplantation. First, there is the need of an HLA-matched sibling donor that greatly limits the number of transplants that can be performed. The age of the patient also limits the number that can be performed because patients eligible for allogeneic transplant are generally not older than 50-60 years of age. There are also potentially serious side effects such as GVHD, delayed immune reconstitution, and graft rejection. These combine to limit the number of transplants that can be performed.
There are also potential advantages associated with allogeneic transplantation. Stem cells are all from healthy donors [75] and there cannot be tumor cell contamination. There is also the potential of a graft-versus-lymphoma effect which may offer an important advantage in favor of allogeneic transplantation [76] .
For patients with HD, the role of allogeneic transplantation is limited to patients who cannot have or have failed an autologous transplant [77, 78] . If the patient is young and has a donor, they may be eligible for an allogeneic transplant. The data from Gajewski et al. demonstrate the results in a study comparing allogeneic and autologous transplants [77] . Here, 100 consecutive patients who had HLA-identical sibling donors and underwent allogeneic transplantation were evaluated. The 3-year probability of disease-free survival was 15%, and the 3-year probability of survival was 21%. Milpied et al. compared 45 patients reported to the European Bone Marrow Transplant Registry who had HLA-identical sibling donors compared to a matched group who underwent autologous transplantation. They found an overall survival in favor of autologous transplantation [78] . For the autologous group, overall survival was 64% and for the allogeneic group it was 30% (p = 0.007) (Fig. 5) [78] .
The possibilities for allogeneic transplantation in NHL are more promising. Van Besien et al. reported 113 patients who had HLA-identical sibling donors and underwent an allogeneic transplant for low-grade NHL. They found a 3-year overall survival and disease-free survival of 49%, and a treatment-related mortality of 40% [79] . Ratanatharathorn et al. compared 35 patients who had an autologous transplant to 31 who underwent an allogeneic transplant. There was no difference in progression-free survival at 14 months [80] . For allogeneic transplant, the progression-free survival was 47%, and for the autologous arm it was 24% (p = 0.21) [80] . Disease progression was 69% for the autologous group and 20% for the allogeneic group (p = 0.001) [80] . As these studies 252 High-Dose Therapies in Lymphomas demonstrate, there appears to be a decreased relapse rate, but toxicities seem to offset this advantage. Allogeneic transplants cannot be recommended outside of highly selected patient populations who for various reasons cannot undergo autologous transplantation [11] . There is a new method for allogeneic transplantation that may prove to be more beneficial than current approaches. This approach is referred to as nonmyeloablative allogeneic transplantation, or "mini" allogeneic transplantation. In this approach, nonmyeloablative chemotherapy or radiation therapy is given as a conditioning regimen followed by donor cell infusion. Occasionally a donor leukocyte infusion must be performed at a later time for full engraftment, although this usually happens over time without the infusion. The advantage of this approach appears to be less toxicity. The efficacy of this approach has not yet been determined in lymphoma, but recent reports are promising. Two reports by Khouri et al. describe this form of a transplant as promising and in need of further study [81, 82] . In their first study, 11/15 patients engrafted and 8/11 had a CR [81] . In the second study, 14/15 patients with relapsed/refractory lymphoma with aggressive disease engrafted [82] . There was a 53% CR and a 13% partial response in this group of patients with a median follow-up of 6 months.
SUMMARY
Autologous stem cell transplantation has proven to be beneficial in selected patients with HD and NHL. In patients with HD, transplantation appears to increase event-free survival in patients who fail to enter CR with initial therapy. When a patient relapses after a CR, transplantation is probably the best option and particularly so if the remission lasted less than 1 year. Transplantation as part of primary therapy for very high-risk patients may be beneficial, but is not standard therapy at this time. For patients with diffuse large-cell NHL, transplantation can be considered standard therapy for relapsed patients if they have chemotherapy-sensitive disease. The use of transplantation for high-risk patients in CR is promising, but definite recommendations cannot be made at this time. For follicular lymphomas, selected patients seem to benefit and studies are ongoing. Finally, the use of allogeneic stem cell transplantation can be useful in a select group of younger patients. 
